UV irradiation of a continuous line of rabbit kidney cells (RK13) was used as a tool for the study of the mechanism of interferon induction. Irradiation of cells prior to their exposure to Newcastle disease virus (NDV) resulted in a dose-dependent decrease in interferon production. The inhibition of total cellular RNA synthesis by UV irradiation in uninduced cultures was similar to the inactivation curve of interferon production in NDV-induced cultures. In contrast, the production of interferon with polyinosinate-polycytidylate (poly [I] 
The kinetics of interferon production by cultured animal cells depends upon the type of inducer used. In rabbit kidney cells polyinosinatepolycytidylate (poly ] .poly [C ] )-induced interferon production rises rapidly, peaks at 3 to 4 h, and then falls off within a short period of time. In contrast, interferon production by Newcastle disease virus (NDV) is delayed in its initial appearance, but it continues to be produced for a much longer period of time (12, 13) . Similar differences have been observed in some other types of cell cultures (2, 11) .
We have attempted to elucidate some of the mechanisms underlying these differences through the use of UV irradiation of cells prior to induction. Interferon indUction is likely to require the functioning of a cellular gene(s) coding for the interferon protein and, possibly, one or more regulatory genes. UV light, with DNA as its primary target, was chosen as a potentially useful tool for comparing the mechanisms of interferon induction.
It has been previously shown (3) (4) (5) (6) Interferon titrations. A modification of the semimicro method described by Armstrong (1) was employed. The basic procedure was described in detail previously (14) . However, instead of using rabbit kidney cells in the assay system, we emnployed REC in the same concentration of 40,000 cells per well.
[3H]uridine incorporation. Four-day-old cultures were washed once with warm PBS and irradiated. Maintenance medium (2 ml) was then added, and the plates were reincubated at 36 C. At Chemicals. Cycloheximide (Acti-dione) was obtained from the Upjohn Co., Kalamazoo, Mich., actinomycin D was purchased from Calbiochem, Los Angeles, Calif., and puromycin dihydrochloride was purchased from Nutritional Biochemicals Corp., Cleveland, Ohio.
RESULTS
The kinetics of appearance of interferon in unirradiated RK13 celis. The kinetics of appearance of interferon in RK13 cells stimulated with poly(I) .poly(C) or NDV are shown in Interferon titers were determined in the pooled fluids from individual groups. If the interval was more than 1 h, the determined interferon yield was divided by the number of hours that had elapsed from the collection of the preceding sample. about 10 to 25 h. In contrast, interferon production was rapid after stimulation with poly(I). poly(C), peaking at 3 to 4 h and then decreasing to undetectable levels by 10 h.
Effects of UV irradiation on cellular RNA synthesis. Uninduced cells were labeled with [3H]uridine either immediately after exposure to UV or 5 h after irradiation. The effect on RNA synthesis was the same at both time intervals, suggesting that no repair of UV damage occurred within 5 h (Fig. 2) .
Effect of UV irradiation on NDV-induced interferon production. Irradiation of cells immediately prior to induction with NDV resulted in a dose-dependent decrease in the amount of interferon produced (Fig. 3) . Similar findings have been reported in other types of cell cultures (3) (4) (5) (6) .
It was important to determine whether irradi-VOL. 13, 1974 MOZES AND VILtEK
This observation is consistent with earlier reports (10) . Effect of UV irradiation on poly(I)-poly(C)-induced interferon. Strikingly different results were obtained when the cells were irradiated immediately prior to induction with poly(I) poly(C) (Fig. 4) . Interferon production in the first 5 h after induction increased in cells irradiated with up to 300 ERG/mm2 and then decreased gradually with higher doses of UV. a The cultures were irradiated with the indicated dose of UV immediately prior to inoculation with 0.5 ml of a suspension of live Newcastle disease virus (NDV) (100 PFU/cell). The virus was adsorbed at 36 C for 1 h, the cultures were washed four times with warm Earle balanced salt solution and replenished with 2 ml of maintenance medium. Culture fluids for virus assays were collected at the indicated times, and the cultures were washed and refed with fresh medium. Virus yields were assayed on 48-h chicken embryo cell cultures.
b These values are from a separate experiment shown in Fig. 3 . Unirradiated cultures produced only a small amount of interferon between 5 and 28 h after exposure to the inducer. However, UV irradiation afforded a dramatic increase in interferon production between 5 and 28 h after stimulation. The greatest enhancement of this "late" interferon production (approximately 300-fold) occurred in cells exposed to about 800 ERG/ mm2. As a result, the total amount of interferon produced in irradiated RK13 cells was also greatly increased over a rather wide range of UV doses.
To determine whether this increase was due to newly synthesized interferon, puromycin was added to cultures during the induction period with poly(I) poly(C) and during the entire subsequent incubation. At the concentration employed in the experiment (50,g/ml), puromycin inhibited interferon production in both irradiated and unirradiated cultures ( Table 2) .
Effect of UV on poly(I) poly(C)-stimulated interferon production in "superinduced" cells. It has been shown that judicious treatment of rabbit kidney cells with metabolic inhibitors resulted in a marked enhancement of interferon production (12, 13, 16 aIrradiated and control unirradiated cultures were exposed to poly(I) *poly(C) in the presence or absence of puromycin. The inducer was removed from the cultures after 1 h as described in Materials and Methods. Puromycin was re-added to the appropriate cultures with the maintenance medium and kept in the cultures throughout the duration of the experiment. The procedure for determining 5-h and 29-h interferon yields was as described in Fig. 4 . All culture fluids were dialyzed prior to the interferon assays. aAll cultures were exposed to poly(I) -poly(C) for 1 h, washed, and replenished with maintenance medium containing 25 pg of cycloheximide per ml. Actinomycin D (5 pg/ml, final concentration) was added to all cultures 3 h after the beginning of exposure to poly(I) poly(C). All cultures were washed at 3.5 h and replenished with 2 ml of drug-free maintenance medium. Interferon yields were assayed from culture fluids collected 24 h after exposure to inducer. Fig. 3 and Table 3. effect of the irradiation was on the cellular capacity to produce interf'eron per se and not upon a function of the inducing virus.
The inhibition of RNA synthesis by UV irradiation of cells not exposed to an interferon inducer, as shown in Fig. 2 , was similar to the UV inactivation curve of interferon production in NDV-induced cells. Thus the decrease of interferon production in NDV-induced cells after UV irradiation is likely to be the direct result of the effect of irradiation on the expression of the interferon gene.
A strikingly different effect of the UV light was observed when poly(I) poly(C) was used as the inducer. In place of the decrease, there was a marked stimulation in the amount of interferon produced in cultures irradiated with a wide range of UV doses. The bulk of this increase was due to the enhancement in the production of interf'eron appearing between 5 and 28 h, i.e., at a time when interferon production in unirradiated cultures had virtually ceased. Yet, interferon produced in irradiated cultures was likely to be newly synthesized because the inclusion of puromycin suppressed interferon production in UV-treated cultures.
Poly(I) poly(C )-induced and viral-induced interferon production were previously shown to exhibit differences in sensitivities to inhibitors of RNA and protein synthesis, with viralinduced interferon production being generally more susceptible to the action of metabolic inhibitors than interferon production stimulated with poly(I) poly(C) (7, 8) .
The key to the interpretation of the observed action of UV irradiation on the poly(I) poly(C)-induced interferon response may be found in the results obtained with "superinduced" cells. It has been postulated that the inclusion of cycloheximide in the culture medium during the initial hours of the exposure of rabbit kidney cell cultures to poly(I) poly(C) leads to the stabilization of interferon mRNA (15) . Presumably, in the absence of cycloheximide (or of another inhibitor of protein synthesis) translation of the interferon mRNA, synthesized as a result of the action of poly(I) poly(C), is prematurely terminated by a repressor protein. The inclusion of cycloheximide is thought to prevent repressor synthesis while allowing the synthesis and accumulation of interferon mRNA. The latter can be efficiently translated after the reversal of cycloheximide action. Treatment with actinomycin D prior to the removal of cycloheximide action serves to prevent repressor synthesis after the reversal of the inhibition of protein synthesis (12, 16) .
Under optimal conditions, "superinduction"
can result in about a 100-fold increase in inter- feron yields over those produced in cells exposed to poly (I) .poly(C) in the absence of metabolic inhibitors, suggesting that only a fraction of the interferon-producing potential of cells is expressed after exposure to poly(I) -poly(C). It seems that UV irradiation of cells prior to exposure to poly(I) .poly(C) also results in an effect akin to superinduction. This effect of UV light could be due to the preferential inhibition of repressor synthesis over interferon synthesis. One expected result of such action would be the absence of the rapid shut-off of interferon production around 5 h after induction, which is thought to be the result of repressor action (13) . Indeed, irradiated cells continued to produce large amounts of interferon between 5 and 28 h after exposure to inducer (Fig. 4) . The idea that UV irradiation of cells prior to induction with poly(I) poly(C) leads to a preferential inhibition of repressor synthesis also finds support in the observed effects of UV light on interferon production in cultures sequentially treated with cycloheximide and actinomycin D. Under these conditions repressor synthesis is thought to be eliminated, and the cellular potential to produce interferon may be fully expressed. Therefore, the effect of UV irradiation on interferon production in superinduced cells should reflect more truly the action of UV light on the expression of the interferon gene(s) alone. This prediction was borne out: in superinduced cells interferon production decreased linearly with the dose of UV applied (Table 3 and Fig. 5 ).
These results are not inconsistent with the idea that both poly(I) .poly(C) and NDV stimulate the same interferon gene(s), but that the mechanisms controlling its expression may be different for each inducer. It is plausible that whereas poly(I) -poly(C)-induced interferon production is under negative control of the translational repressor, this repressor is either completely absent or it plays a much less important role in virus-induced interferon synthesis.
